An investigation was made of the effects of the snake venom neurotoxin, notexin, on acetylcholine turnover in rat brain P2 fractions using a gas chromatographic mass spectrometric assay for acetylcholine and choline. In contrast to earlier reports, we found a stimulation of the uptake and acetylation of labeled choline by toxin-treated Pp fractions. More significantly, notexin inhibited the release of this newly synthesized transmitter. These effects were found to be dependent on the dose of the toxin and the time of exposure of the Pz fraction to notexin. Longer exposure to notexin or experiments involving resuspension of notexin-treated Pn fractions appeared to result in considerable lysis of the transmitter-containing particles. Thus, notexin may alter acetylcholine compartmentation in the nerve ending and thereby affect acetylcholine synthesis.
Abstract
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Notexin belongs to a class of presynaptically acting snake venom neurotoxins which have phospholipase A" activity (for reviews, see Lee, 1979; Howard and Gundersen, 1980) . These toxins, including ,&bungarotoxin, crotoxin, notexin, and taipoxin, have been shown to have similar effects on the electrophysiological properties of transmitter release and on the ultrastructure of motor nerve terminals (Cull-Candy et al., 1976 , Chang et al., 1977 Magazanik and Slavnova, 1978) . Neurochemical studies have demonstrated that notexin is a potent inhibitor of the high affinity choline (Ch) transport system of Torpedo t-sacs (Dowdall et al., 1977) and of rat brain crude synaptosome (P2) fractions (Sen et al., 1978) . A similar inhibitory effect has been reported for the other phospholipase AZ neurotoxins (Dowdall et al., 1977; Sen et al., 1976) . However, in a recent comparison of the actions of fl-bungarotoxin and notexin on cholinergic parameters of rat brain Pz fractions (Gundersen and Jenden, 1981), we observed no decline of high affinity Ch transport in Pa fractions treated with notexin. In fact, at the dose employed, notexin appeared to stimulate Ch uptake and acetylcholine (ACh) synthesis (Gundersen and Jenden, 1981) . This investigation represents a more detailed study of the effects of notexin on ACh turnover in rat brain Pa fractions. ' 
Materials and Methods
A P2 fraction was prepared from the whole brain minus cerebellum of 150-to 250-gm male Sprague-Dawley rats as described previously (Weiler et al., 1981) . Measurement of Ch uptake and ACh synthesis. The P2 fraction was suspended in Krebs bicarbonate medium with paraoxon (20 PM) to a final protein concentration of 0.9 to 1.5 mg/ml. Samples (4 ml) were preincubated in a Dubnoff metabolic shaker at 37°C with or without notexin (concentration is indicated under "Results"). After 0, 5, or 10 min, C2H4]Ch was added to each sample and uptake was allowed to continue for 4 min at 37°C. The incubation was terminated by pouring samples into prechilled centrifuge tubes (0°C) and centrifuging at 0°C for 10 min at lo4 x g. "Nonspecific" uptake of [ "H4]Ch was evaluated using samples kept on ice. All variants of ACh and Ch were measured in the supernatant and pellet using a gas chromatographic mass spectrometric assay as described previously (Jenden et al., 1973; Gundersen and Jenden, 1981) .
Solutions and chemicals. The normal Krebs bicarbonate medium contained, in millimolar concentrations: NaCl, 138; KCl, 5; CaC12, 2; MgCl*, 1; KH2P04, 0.4; NaHCOs, 12; and glucose, 12. This solution was equilibrated with 95% 02, 5% COZ prior to use. Paraoxon was purchased from ICN Pharmaceuticals (Plainview, NY). Notexin was obtained as a gift from Dr. Struan Sutherland (Commonwealth Serum Laboratories, Melbourne, Australia).
The toxin was purified from the venom of Notechis scutatus using column chromatography superfine) followed by two consecutive fractionations on the ion exchange resin Bio-Rex 70. The Gundersen and Jenden Vol. 1, No. IO, Oct. 1981 final Bio-Rex fraction was gel filtered using Sephadex G-50 (superfine) and the product yielded an LDso in mice of approximately 15 ng/gm of body weight (S. Sutherland, personal communication).
For our experiments, the toxin was stored (4°C) as a stock (1 mg/ml) in 0.9% saline containing bovine serum albumin (1 mg/ml). Our determination of the LDso (intraperitoneal) of notexin in mice gave a value comparable to that communicated by Dr. Sutherland using subcutaneous injection. Protein was measured by the procedure of Lowry et al. (1951) using bovine serum albumin as a standard. Statistical analyses were performed using the unpaired Student's t test.
Results
Sen and colleagues (1978) routinely used notexin at a concentration of 0.1 PM or approximately 1.28 pg/ml. We tested the effect of notexin on cholinergic parameters of rat brain P2 fractions using concentrations of 0.125, 1.25, and 12.5 pg/ml. The Pz fraction was incubated with or without the toxin and, after 5 min, ['H4]Ch (2 PM) was added to each sample. Incubation continued for 4 min, and after centrifugation, endogenous ('Ho) and deuterium-labeled variants of ACh and Ch were assayed in the pellet and medium (Table I) .
Each dose of notexin had a somewhat different effect on ACh and Ch metabolism (Table I) investigated whether different preincubation protocols would alter the effects of notexin (1.25 pg/ml) on the ACh synthesis and release reported in Table I.  The experiments of Table II employed the same protocol as those of Table I , but preincubation was for 0, 5, or 10 min and the concentration of notexin was 1.25 pg/ ml. Relative to control, samples with no preincubation showed an increase of pellet [ZHq] ACh and a small decline of medium [2H4]ACh when exposed to notexin (Table II) , but no other parameter was changed significantly (Table II) .
The data for samples preincubated for 5 min with notexin (Table II) are similar to those given in Table I . However, preparations that were preincubated with notexin for 10 min prior to the beginning of [ 'Hq]Ch uptake showed no stimulation by the toxin of [ "H,] ACh synthesis (pellet plus medium). Moreover, efflux of both [ "Ho]ACh and [ 'Hq]ACh were depressed significantly (Table II) . These data are consistent with a short-lived effect of notexin to stimulate ACh synthesis, and while the inhibition of [ "H4]ACh efflux is evident without any toxin pretreatment (Table II) , longer preincubations are necessary to observe a reduction of [ "Ho]ACh output.
The last set of experiments that we performed followed a protocol similar to that of Sen et al. (1978) . Synaptosomes were preincubated (4 min at 37°C) with notexin (0.125 or 1.25 pg/ml) in a Krebs medium containing paraoxon (20 PM) and then centrifuged and resuspended at 4°C in the same medium containing ['H4]Ch but no additional toxin. After resuspension, samples were either centrifuged immediately or incubated for 4 min at 37°C. We found that control samples which had been centrifuged immediately after resuspension lost about 12% of their total ACh into the medium. However, the notexintreated preparations released 40 to 50% of their total ACh into the medium. This result suggests that the notexin-treated synaptosomes were disrupted during the resuspension procedure that preceded the second incubation and that up to half of the ACh-containing particles had lysed. These results are consistent with the evidence of Sen et al. (1978) , who showed that resuspension of notexin-treated synaptosomes resulted in the release of the cytoplasmic enzyme, lactate dehydrogenase, as well as morphological signs of synaptosomal lysis. We confirmed the findings of Sen et al. (1978) that these toxintreated preparations were deficient in their ability to transport and acetylate medium Ch (data not shown).
Discussion
The data presented in this communication indicate that notexin stimulates the synthesis of ACh and simultaneously blocks the spontaneous release of this newly synthesized ACh. Because there remains considerable debate regarding the mechanistic implications of phenomena such as the spontaneous efflux of ACh from cholinergic preparations (see Katz and Miledi, 1977 , for a discussion) and the preferential release of newly synthesized ACh (see Weiler et al., 1981) , we cannot provide a rigorous explanation for the actions of notexin. However, we speculate that our observations reflect a primary action of notexin to inhibit the translocation of ACh to release sites (e.g., by inhibiting vesicle recycling as proposed by Cull-Candy et al. (1976) or by inhibiting the loading of ACh into vesicles). Moreover, if the concentration of ACh at the release sites controls the rate of transmitter synthesis, then a reduction by notexin of the ACh level at these points would result in an increase of ACh synthesis. This would produce the observed increases of pellet ['H4]ACh (Tables I and II) . These postulates may be scrutinized profitably employing systems such as Torpedo electroplax which can be fractionated to yield well characterized subcellular components (e.g., Zimmermann and Denston, 1977) .
An essential feature of our results is the extent to which the observations are dependent on the experimental protocol. This fact helps to explain the discrepancy between our findings (see also Gundersen and Jenden, 1981) and those of Sen et al. (1978) . The stimulation by notexin of ACh synthesis is most apparent using doses of the toxin in the range of 1 pg/ml and a total time of exposure of 5 to 10 min (Tables I and II) . Using a preincubation of 10 min, notexin still causes an increase (Table II) . This suggests that notexin produces a transient perturbation of the mechanism regulating ACh synthesis and that this effect is obscured when higher doses or longer periods of incubation are used. Since Sen et al. (1978) routinely used preincubation conditions that exceeded 10 min and that resulted in the lysis of synaptosomes, they would not have observed the initial stimulatory effect of notexin obtained in these experiments. In a related context, we note that Dowdall and colleagues (1977) reported an inhibition by notexin of ["H]Ch transport by Torpedo tsacs. However, they found in a subsequent investigation (Dowdall et al., 1979 ) that notexin actually stimulated (a 24% increase of ["H]Ch uptake was recorded) or had no effect on [ "H]Ch uptake by purified synaptosomal preparations from guinea pig brain or squid optic lobe. This seeming inconsistency of results appeared to depend on the type of preparation and the dose and time of exposure to notexin. This supports our contention (and a similar one made by Dowdall et al., 1979) of the critical role of these parameters in determining which effects of notexin are observed in a specific experiment. Thus, notexin may be valuable as a probe of mechanisms regulating ACh synthesis and release as long as conditions are optimized to exclude its destructive effects on the preparation.
